Abstract. Owing to the pressing demand for metallic ore exploration technology in China, several new technologies are being employed in the relevant exploration instruments. In addition to possessing the high resolution of the traditional transient electromagnetic method (TEM), high-efficiency measurements, and a short measurement time, the multichannel TEM (MTEM) 10 technology can also sensitively determine the characteristics of a low-resistivity geologic body, without being affected by the terrain. Besides, the MTEM technology also solves the critical, existing interference problem in electrical exploration technology. This study develops a full-waveform voltage and current recording device for MTEM transmitters. After continuous acquisition and storage of the pseudo-random, large current signals emitted by the MTEM transmitter, these signals are then convoluted with the signals collected by the receiver to obtain the earth's impulse response. In this paper, the overall 15 design of the full-waveform recording apparatus, including the hardware and upper-computer software designs, the software interface display, and the results of field test, are discussed in detail.
the receiver and GPS, we could approximate the simultaneous acquisition of the two acquisition systems (Olalekan and Di, 2015) .
Upper-computer software design
The upper-computer program was built on the Visual Studio platform using C# Windows forms. The program mainly includes the Main Window form (Form1), the Sub Window form (Form2) and a self-defined class function. The program framework is 100 described below: In the main Window form, the read and write functions of each channel were assigned to eight corresponding threads. Sampling or interception was performed on the data flags and channel types to obtain data points for plotting the waveform; four drawing threads were opened to plot the waveforms. Class functions were formed by packaging each channel of the USB equipment into a class, based on the endpoint address. Each class included the endpoint parameters and two methods to read (using the asynchronous read mode) and write data into the files. The read and write methods were assigned 105 to the threads of their own channels, in the main function. The Sub Window form was used to open and review the stored file data. The entire software uses the Metro style, which provides a more humanistic human-computer interface. 
Test results of the full-waveform recording device
Overall performance testing was conducted after developing the full-waveform recording device. For the low-speed voltage, 110 20-Vp, 100-Hz sinusoidal signals produced by a signal generator were fed directly to the 1000-V high-voltage input end. Using a voltage-regulated power supply and at a sampling rate of 32 kSPS, 32000 samples were acquired; further, fast Fourier transform (FFT) was performed on these samples and MATLAB was used to generate the time and frequency domain waveforms. For the high-speed voltage, the acquisition performance at the 100-V level was tested. 20-Vp, 100-kHz sinusoidal signals from a signal generator were fed directly to the high-speed voltage input end and the device was powered by a lithium 115 battery (Wang et al., 2015) . 4096 samples were acquired at a sampling rate of 40 MSPS; FFT was then performed on these samples and MATLAB was also used to generate the time and frequency domain waveforms. When testing the low-speed current acquisition board, the level was shifted to 50 A; 150-mVpp, 62.5-Hz sinusoidal signals from a signal generator were fed directly to the low-speed current input end; further, MATLAB was used to generate the time and frequency domain waveforms. For testing the high-speed current acquisition board, the level was shifted to 50 A; 150-mVpp, 100-KHz sinusoidal 120 signals from a signal generator were fed simultaneously to the high-speed and low-speed current input ends; then, MATLAB was used to generate the time and frequency domain waveforms (W. W. Zhang et al., 2016) . Figure 6 shows the test results of the low-speed voltage acquisition channel. Figure 6a is the time domain waveform of the 125 sinusoid acquired by the recording device, whereas, Fig. 6b is the frequency domain waveform. As seen from Fig. 6b, Vpp. The SNR at this point was also higher than 50 dB; hence, the overall SNR was higher than 90 dB. A low-speed acquisition precision of up to ±1% was attained. Figure 7 displays the test results of the high-speed voltage acquisition channel. In Fig. 7b , harmonic distortion at an amplitude of approximately -71 dB is observed; hence, its amplitude input was approximately 200 Vpp (200 Vpp is equivalent to -20 dB). Therefore, the overall SNR was higher than 60 dB. A high-speed acquisition precision of up to ±1% was attained. Figure 8 shows the test results of the low-speed current acquisition channel. We can see from the amplitude-frequency characteristics that there was a 50-Hz power frequency interference at -73 dB; relatively, many harmonic components were present, the average noise threshold was lower than -100 dB and its SNR higher than 60 dB. Figure 9 displays the test results of the high-speed current acquisition channel.
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Conclusion
In this study, the development of a full-waveform voltage and current recording device for MTEM transmitters was presented.
First, the hardware circuit was designed to complete the pre-conditioning and acquisition of the signals, which were then 145 transferred to the FPGA for data processing. Then, the upper-computer software was designed to further process the data and present it as graphic plots. The overall performance was tested, with individual tests for the high-and low-speed channels for the voltage and current. The maximum transmission current and voltage acquired by the device were 50 A and 1000 V, respectively; a ±1% sampling precision was attained for both current and voltage. This full-waveform recording device can be used to monitor the high-power, full-waveform voltages and currents of MTEM transmitters. This recording device has higher 150 precision, finer edge details, lower noise, and other advantages. Hence, it can be used for real-time recording and transmission to the receiver for coherent demodulation. Geosci. Instrum. Method. Data Syst. Discuss., doi:10.5194/gi-2017 Discuss., doi:10.5194/gi- -26, 2017 Manuscript under review for journal Geosci. Instrum. Method. Data Syst. Discussion started: 16 May 2017 c Author(s) 2017. CC-BY 3.0 License.
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